Objective: To report on a multi-institutional series of non-robotic urological laparoendoscopic single-site surgery in Japan. Methods: Consecutive cases of laparoendoscopic single-site surgery carried out between February 2009 and December 2012 at nine academic institutions were included. We examined the surgical outcomes, including conversion and complications rates. Results: Four hundred and sixty-nine cases were included in the analysis. The most common procedure was adrenalectomy (n = 177) and the second most common procedure was radical nephrectomy (n = 143). The procedures also included nephroureterectomy (n = 40), living donor nephrectomy (n = 40), pyeloplasty (n = 30), urachal remnant excision (n = 9), simple nephrectomy (n = 7), radical prostatectomy (n = 6) and others (n = 17). The access sites included umbilicus (n = 248, 53%) and other sites (n = 221, 47%). A transperitoneal approach was used in 385 cases (82%), and retroperitoneal approach in 84 cases (18%). The median operation time of all procedures was 198 min. Conversion to reduced port surgery, conventional laparoscopy, or open surgery was noted in 27 cases (5.8%), 12 cases (2.6%), and two cases (0.4%), respectively, with an overall conversion rate of 8.7%. Intraoperative complications occurred in 10 cases (2.1%). Post-operative complications were noted in 29 cases (6.2%), including five major complications (1.1%). No mortality was recorded in this series. Conclusions: Non-robotic laparoendoscopic single-site surgery is technically feasible and safe for various urologic diseases in Japan. Furthermore, urological laparoendoscopic single-site surgery is a promising minimally invasive surgical option that is feasible for experienced urological surgeons in intermediate-volume centers as well as high-volume centers.
Introduction
Laparoscopic surgery is suggested to have crucial advantages in terms of reduced postoperative pain, shorter hospital stay and faster recovery time when compared with open surgery. In the field of urology, laparoscopic nephrectomy was initially introduced by Clayman in 1991, 1 and laparoscopic adrenalectomy by Gagner et al. in 1992 2 and Go et al. in 1993. 3 Since then, urological laparoscopy has been rapidly accepted worldwide, and this technique is now considered to be a standard of care for various urological diseases. Inspired by standard laparoscopy, LESS surgery has been developing over the past decade with the goal to improve cosmesis and to reduce patient invasiveness. Hirano et al. reported the initial urological single-site laparoscopic surgery in 2005, and they successfully carried out 53 adrenalectomies with a single multichannel device. 4 The LESS nephrectomy through umbilical incision was carried out by Raman et al. and Rane et al. in 2007. 5 , 6 Then, the LESS living donor nephrectomy was initially reported by Gill et al. in 2008.
renal tumors, pelvi-ureteric junction obstruction and urachal remnant, among others. [8] [9] [10] [11] Nevertheless, LESS surgery is still considered to be an alternative option used only for selected patients because of its technical difficulty and a lack of enough evidence. [12] [13] [14] Furthermore, a relatively large percentage of the literature that reports on LESS surgery originates from highvolume centers with experienced surgeons. Therefore, it is a serious question whether LESS surgery is a universal surgical option that can cross institutional boundaries. 15 Here, we report on a multi-institutional series of non-robotic urological LESS surgery in intermediate-volume centers in Japan to evaluate the safety and feasibility of this technique.
Methods
Consecutive cases of LESS surgery carried out between February 2009 and December 2012 at nine academic institutions in Japan were included. All included LESS surgeries were carried out by 22 urological surgeons with Endoscopic Surgical Qualification approved by the Japanese Urological Association and the JSE. 16 The present retrospective study was designed by the LESS surgery Working Group approved by the JSE, and was approved by the institutional review boards. In this study, LESS surgery was defined as laparoscopic surgery through a single skin incision, and, in addition, by single incision plus one extra puncture for a small (2-3 mm) diameter instrument. 15 The addition of one extra 5-mm trocar, or the addition of two small (2-3 mm) instruments was considered to be conversion to RPS. Any ancillary instrument in addition to one 5-mm trocar, and more than two extra instruments of any size, was considered to be conversion to conventional laparoscopic surgery. Conversion to open surgery was defined as an unplanned abdominal incision to complete the operation. Therefore, the procedures of LESS nephroureterectomy allowed a planned lower abdominal incision in order to dissect the distal ureter and bladder cuff, after completion of nephrectomy using the LESS technique. To examine the safety as well as effectiveness of LESS procedures was the main purpose of the present study, and patients' demographics, operative procedure, and operative outcomes were retrospectively collected and evaluated. The Clavien-Dindo classification was used to evaluate postoperative complications. 17 
Results

Patient selection and procedures
Included in analysis were 469 cases (Table 1) . Of the 469 patients with a median age of 59 years, there were 79 patients aged <40 years (16.8%), and 26 patients aged <20 years (5.5%). The number of patients with a BMI of <30 kg/m 2 was 450 (95.9%), and 338 patients (72.1%) had a BMI of <25 kg/m 2 . Although the most common single procedure was adrenalectomy (177 cases, 37.7%), most of the procedures were carried out for upper urinary tract diseases (261 cases, 55.7%), including simple nephrectomy (n = 7, 1.5%), radical nephrectomy (n = 143, 30.5%), partial nephrectomy (n = 1, 0.2%), nephroureterectomy (n = 40, 8.5%), living donor nephrectomy (n = 40, 8.5%) and pyeloplasty (n = 30, 6.4%). The other procedures included excision of urachal remnant (n = 9), radical prostatectomy (n = 6), lymph node biopsy/dissection (n = 5), continuous ambulatory peritoneal dialysis catheter removal or repositioning (n = 4), varicocelectomy (n = 3), simultaneous nephroureterectomy and cystectomy (n = 1), orchiopexy (n = 1), orchiectomy (n = 1) and ileal ureter reconstruction (n = 1). The most common single access site was the umbilicus (n = 248, 53%). The remaining single access sites (n = 221, 47%) included the pararectal site (136 cases, 29%), lower abdominal site (Pfannenstiel; n = 1, 0.2%) and flank region (n = 84, 18%). The transperitoneal approach was used in 385 cases (82%), and the retroperitoneal approach was chosen in 84 cases (18%; Table 2 ). A single-port platform was commonly used (98.5%), and the single incision and multiport technique were used in just seven patients without any particular devices. 5 The single-port platforms we used were SILSport (Covidien, Dublin, Ireland) in 237 patients (50.5%), GelPoint/GelPort (Applied Medical, Rancho Santa Margarita, CA, USA) in 127 patients (27.1%), Triport/Quadport (Advanced Surgical Concepts, Bray, Ireland) in 32 patients (6.8%), EZ Access (Hakko, Tokyo, Japan) in 28 patients (6.0%), OCTO port (DalimsurgNET, Seoul, Korea) in two patients (0.4%) and homemade devices in 36 patients (7.7%). A flexible 5-mm scope was utilized in 360 patients (76.8%), and articulating instruments were used in 310 patients (66%).
Operative outcomes and complications
An additional 2-3-mm instrument was required in 103 cases (22%). The procedures of radical prostatectomy (100%) and pyeloplasty (97%) commonly required an additional 2-3-mm port or needlescopic instrument. Overall, the median operation time was 198 min, and median insufflation time was 150 min ( Table 3 ). The operation time of LESS nephroureterectomy was longer than other LESS procedures. Lymph node dissection was carried out in 12 of 40 LESS nephroureterectomy cases, and absorbable suture after bladder cuff resection was carried out in all cases. Just five of the 40 nephroureterectomy series cases were completed by pure laparoscopic technique, but two extra ports were added in three of those five cases. On the whole, the conversion rate was 8.7%, conversion to RPS and conversion to conventional laparoscopy was noted in 27 patients (5.8%) and in 12 patients (2.6%), respectively ( Table 3 ). The reasons for conversions to RPS or conventional laparoscopic surgery included difficult dissection or insufficient retraction (29 cases), difficult suturing (seven cases) and bleeding (three cases). The conversion to open surgery was required for two patients (0.4%) because of a splenic injury in radical nephrectomy and a dissection difficulty in pelvic lymph node dissection. A total of 11 intraoperative complications occurred in 10 patients (2.1%; Table 4 ) including minor bowel injury (n = 3), minor hepatic injury (n = 2), severe splenic injury (n = 1) and injury of major vessels (n = 5, two inferior vena cavae, one renal vein, one renal artery and one external iliac artery). One of the five vessel injuries was an avulsion of the external iliac artery during a planned open procedure in a patient who underwent nephroureterectomy. In this case, simultaneous vascular anastomosis was required and the intraoperative blood loss was 470 mL. The intraoperative complication was most commonly observed in a procedure of radical nephrectomy (5/145, 3.5%). In the 10 patients with intraoperative complications, LESS procedures could be accomplished in five, whereas conversions to reduced port surgery (n = 2), conventional laparoscopic surgery (n = 2) or open surgery (n = 1) were required in the other five cases. The patient with splenic injury required open conversion and blood transfusion, but no other cases required blood transfusions, resulting in a 0.2% transfusion rate in this series. Postoperative complications were observed in 29 cases (6.2%). There were just five major complications (1.1%) evaluated with the Clavien-Dindo classification (Table 4) . 17 The major complications included heart failure (n = 2, grade IIIa in one and grade IV in one), hematoma (n = 2, grade IIIb) and anastomotic leakage (n = 1, grade IIIb). No perioperative mortality was noted in this series.
Discussion
The evidence regarding urological LESS surgery is still immature, but some significant knowledge has been accumulated. Several RCTs of urological LESS surgeries compared with conventional laparoscopic procedures were reported. The reported RCTs, including varicocelectomy, 18, 19 pyeloplasty, 20 simple nephrectomy 21 and living donor nephrectomy, [22] [23] [24] although these were relatively small series, suggested that the [18] [19] [20] [21] [22] [23] were lower, and the time to return to normal activities was shorter [18] [19] [20] [21] 24 in the LESS group. Nevertheless, the operative time in the LESS group was longer 18, 19, [21] [22] [23] [24] or, at best, equivalent to the conventional group. 20 Currently, there are three meta-analysis reports about urological LESS surgery. [25] [26] [27] Fan et al. reported a systematic review and meta-analysis of LESS nephrectomy compared with conventional laparoscopic nephrectomy, and the LESS nephrectomy was associated with a longer operative time and a higher conversion rate. 25 They also showed that perioperative complications, estimated blood loss, warm ischemia time and postoperative renal function in transplanted patients did not differ significantly between the two techniques. Furthermore, compared with the patients who underwent conventional laparoscopic renal surgery, patients in the LESS renal surgery group benefited from less postoperative pain, lower analgesic requirement, shorter hospital stay, shorter recovery time and better cosmetic outcome. More recently, Autorino et al. reported a systematic review and meta-analysis of LESS-LDN. 26 Compared with the cL-LDN, the LESS-LDN had nearly identical warm ischemic time, complication rate, postoperative recovery time and transplanted kidney function, albeit longer operation time. Furthermore, LESS-LDN had lower blood loss and lower analgesic requirement. Importantly, they emphasized that LESS-LDN is still more technically challenging than cL-LDN because of the greater likelihood of conversion to conventional laparoscopic procedure. In contrast, Hu et al. reported a systematic review and meta-analysis of LESS adrenalectomy compared with conventional laparoscopic adrenalectomy. 27 Although the nine selected studies in the present study were non-randomized observation studies with relatively small numbers of patients, LESS adrenalectomy presented a longer operative time, shorter postoperative hospital stay and lower visual analog pain scale scores in all nine studies.
According to this synthesizing evidence, LESS surgery is expected to reduce the morbidity and scarring associated with surgical intervention. Nevertheless, these reports were mostly based on small-scale studies from selected centers. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Therefore, it is difficult to regard LESS surgery as an ideal standard procedure across institutional boundaries. Whether this technique can be used not only by experts in highvolume centers, but also by experienced surgeons in nonhigh-volume centers, is a key to the future of LESS surgery as a promising technique in urology.
In 2011, Kaouk et al. reported the largest multi-institutional experience of 1076 LESS surgeries, including 143 robotic procedures. 15 A total of 18 participating centers were selected based on reported experience in urological LESS surgery. The surgical procedures included 172 radical nephrectomies, 130 simple nephrectomies, 127 partial nephrectomies, 115 renal cyst decortications, 89 pyeloplasties, 55 adrenalectomies, 51 donor nephrectomies and 51 ureterolithotomies, among others. A single-port technique was used in 77% of cases, and the umbilicus was the predominant site of access (71% of cases). Overall operative time was 160 AE 93 min, estimated blood loss was 148 AE 234 mL and mean hospital stay was 3.6 AE 2.7 days. An additional port was used in 23% of cases, and the overall conversion rate was relatively high (20.8%), with 15.8% of cases converting to reduced port laparoscopic surgery, 4% to conventional laparoscopy or robotic surgery and only 1% to open surgery. The transfusion rate was 6.1%, and the intraoperative complication rate was 3.3%. The overall postoperative complications rate was acceptable enough (9.5%), and major complications (Clavien-Dindo grade III and IV) were seen in just 26 cases (2.4%). They concluded that LESS surgery is successfully carried out by experienced laparoscopic surgeons, and the risk of complications remains low when stringent patient selection criteria are applied. In addition, the same group carried out risk analysis for conversion and postoperative complications in a larger series of urological LESS surgeries (n = 1163), and it was suggested that reconstructive procedure, high difficulty score and extended operative time predicted high-grade complications. 28 The largest multi-institutional LESS series represented outcomes of surgeons with an extensive laparoscopic background. 28 To the best of our knowledge, the present study is the second largest series for multi-institutional analysis of various urological LESS surgeries. To make a direct comparison of the surgical outcomes in the largest worldwide multi-institutional analyses and those of our study seems to be difficult and hardly worth discussing, because there are some critical differences in the target diseases, surgical approaches, techniques and instrumentations. 15, 28 Unlike the report from Kaouk et al., adrenalectomy was the most common procedure, and renal cyst decortication was not included in the present study. 15 In addition, the umbilicus was more commonly used for single-site access in the aforementioned report than in our experiences (71% vs 53%). 18 Conversely, the retroperitoneal approach was more frequently chosen in the present study (7% vs 14%). Thus, the present series should be considered as another large multi-institutional LESS study carried out in various hospital settings for a broad range of procedures. Although there are some definitional differences in terms of conversions to reduced port laparoscopic surgery and conversion to laparoscopic surgery, both the overall conversion rate (8.7% ) and the open conversion rate (0.4%) were small enough in the present study. In addition, intraoperative complications rarely occurred (2.1%), and the postoperative complication rate (6.2%) and severity were generally acceptable. Because each of the nine academic centers has approximately 350-800 annual urological surgeries, including 140-220 laparoscopic surgeries, the results of the present study suggest that experienced urological surgeons in intermediate volume centers can safely carry out LESS surgeries in Japan. Furthermore, given that each institution has their own criteria for patient selection, urological LESS surgeries are likely to be a feasible surgical option outside of high-volume centers with highly experienced surgeons. There were some limitations to the present study. First, this was a non-comparative, retrospective study. Thus, selected biases were unavoidable, and the advantage of LESS surgery for a broad range of urological diseases cannot be clearly stated. Second, the surgical indications, procedures or access sites of LESS surgery were basically dependent on each institutional policy, and the total number of LESS surgeries in each institution differed from 14 to 134. Therefore, the present study was composed of aggregate results of heterogeneous surgical teams in Japan. The current study can show a real practical selection of patients and the outcomes of the LESS procedure.
It is important, however, to consider the next generation of urological surgeons. It is clear that the LESS surgical technique is more complex and challenging than the standard laparoscopic technique. Hence, experienced surgeons can properly propose LESS surgery for selected patients, but it is open to question whether we should hand down the LESS surgical technique to young urologists in the age of robotic surgery. Clearly, we have to make the effort to develop minimally-invasive surgery. One promising approach is the use of needlescopic or small-diameter instruments with or without LESS technique. Compared with pure LESS surgery, not only RPS, but also minilaparoscopic surgery with 3-mm instruments, or hybrid natural orifice transluminal endoscopic surgery (hybrid NOTES) such as the transvaginal approach plus transabdominal accesses, can improve ergonomics and keep satisfactory cosmesis. 29, 30 Indeed, we used additional 2-3-mm instruments in 22% of the 469 procedures, and we also converted from LESS surgery to RPS in 5.8% of all cases, resulting in 28% use of at least one additional small instrument in our series. Liatsikos et al. reported that additional instruments were necessary in over 40% of all their LESS procedures, and they concluded that needlescopic assistance in upper urinary tract LESS surgery does not compromise any of the benefits of single-port procedures. 29 When we look into the future of laparoscopic surgery, it seems reasonable that we should not limit ourselves to the pure LESS technique, and that we should pursue the use of small-diameter instruments and the mixed techniques mentioned above. 29, 30 Therefore, with the present study we hope to motivate further research into the future path of minimallyinvasive urological surgery.
In conclusion, the non-robotic LESS procedure for urological diseases is suggested to be a safe technique, even in an intermediate-volume center with experienced urological laparoscopic surgeons. As we cannot conclude the efficacy of this minimally-invasive technique, further evaluation is required.
